A simple one-pot, water-mediated synthetic method for the preparation of 2-(substituted phenyl) phthalazin-1(2H)-ones is described through the reaction of phthalaldehydic acid, substituted phenyl hydrazine and oxalic acid (catalyst). The major advantages of the proposed method are its simplicity, short reaction time, easy work-up, inexpensive catalyst, and good yields.
Introduction
The development of new and simple synthetic methodologies for various heterocycles from readily available starting materials is an important task in organic synthesis. One-pot reactions using three or four components have gained considerable importance for the rapid and efficient synthesis of a wide variety of organic molecules [1, 2] . These reactions have been extensively investigated in organic synthesis primarily due to their ability to generate complex molecules from simple starting materials using a one-step reaction.
Phthalazinones are a group of condensed heterocycles possessing significant biological activities. Phthalazinones are used to treat a variety of disorders, such as diabetes [3, 4] , asthma [5, 6] , hepatitis B [7] , vascular hypertension [8, 9] and arrhythmia [10] . Phthalazinones are also useful intermediates for the synthesis of inhibitors of vascular endothelial growth factor (VEGF) [11] and act as potent antimicrobial agents and inhibitors of poly(ADP-ribose)polymerase-1 [12] . Azelastine is a well-known antiallergic and antihistaminic drug from the phthalazinone derivative.
Various methods for the synthesis of phthalazinones are reported in the literature, including cycloaddition [13] [14] [15] [16] , reduction [17, 18] , cyclocondensation [19] and biotechnological approaches [20] . However, these methods typically involve strong acids and bases, harsh reaction conditions, and longer reaction time, among other considerations. Considering the limitations of the reported methods, the development of new methods for the synthesis of phthalazinones is desirable. Continuing our interest in the development of methodologies for the synthesis of biologically significant heterocyclic compounds, we describe a new method for the synthesis of phthalazinones from phthalaldehydic acid and substituted phenyl hydrazines using oxalic acid as the catalyst in aqueous media with good yield.
Materials and methods
Phthalaldehydic acid, substituted phenyl hydrazines and oxalic acid were purchased from commercial sources and were used without further purification. The melting points were determined in open capillary tubes on a Buchi 530 melting point apparatus and are uncorrected. The homogeneity of the compounds was monitored by ascending thin layer chromatography (TLC) on silica gel-G coated (Merck) aluminium plates and visualized by iodine vapour. 1 H NMR spectra were recorded on a 400 MHz Varian-Gemini spectrometer, and the chemical shifts were reported in parts per million (ppm) using tetramethylsilane (TMS) as the internal standard. Mass spectra were obtained with Micromass-QUATTRO-II of WATER mass spectrometer.
General procedure for preparation of 2-(substituted phenyl) phthalazin-1(2H)-ones
To a mixture of phthalaldehydic acid (10 mmol), substituted phenyl hydrazine (10 mmol) and water (15 ml), a catalytic amount (10 mol%) of oxalic acid was added. The reaction mixture was refluxed for 20-30 min. After completion (monitored by TLC), the reaction mixture was cooled and filtered. The crude product was recrystallized using ethanol to obtain a pure product. All of the compounds from the series 3(a-j) were prepared using a similar procedure.
Spectral data for 2-(substituted phenyl) phthalazin-1(2H)-ones 3(a-j)

2-Phenylphthalazin-1(2H)-one (3a)
1 H NMR (400 MHz, CDCl 3 ) δ ppm: 8. 
Results and discussion
As a part of our plan to discover improved synthetic routes for the preparation of organic compounds [21, 22] , in this study, we report our investigation into an environmentally friendly and highly efficient procedure for the synthesis of 2-(substituted phenyl) phthalazin-1(2H)-ones. The compounds were synthesized in good yield from phthalaldehydic acid and various substituted phenyl hydrazines in water using oxalic acid as the catalyst (Scheme 1). To the best of our knowledge, the synthesis of phthalazinones in water using oxalic acid as the catalyst has not been reported in the literature. In addition to effectively catalysing various organic transformations and syntheses, oxalic acid is economical, readily available, mild, and easy to handle.
Effect of solvents
To determine the optimum reaction conditions, we considered the synthesis of (3a) as a model reaction. Further, we studied the effect of the solvent on the reaction kinetics and the product yield using oxalic acid as the catalyst (50 mol%). A range of solvents, such as acetonitrile, ethyl acetate, THF, toluene, dichloromethane, methanol, ethanol and water, were examined. Ethanol and water emerged as the solvents of choice in terms of reaction kinetics and product yields (Table 1) . However, our goal was to develop an environmentally benign, green protocol for the synthesis of 2-(substituted phenyl) phthalazin-1(2H)-ones. Thus, we selected water as the solvent for the synthesis of 2-(substituted phenyl) phthalazin-1(2H)-one derivatives.
Effect of catalyst loading
The effect of catalyst loading on the product yield is also investigated ( Table 2) . We performed the reaction for compound (3a) and used oxalic acid at various loads, such as 50 mol%, 40 mol%, 30 mol%, 20 mol%, 10 mol% and 5 mol%. The results revealed that the use of 10 mol% oxalic acid is the most functional, yielding up to 98% of product.
Under the optimum conditions, we extended the study to explore the applicability of the oxalic acid catalyst for the synthesis of 2-(substituted phenyl) phthalazin-1 (2H)-ones 3(a-j) . The reaction proceeded smoothly under mild conditions and accommodated a wide range of phenyl hydrazines bearing an electron-donating and an electron-withdrawing substituent. Note that the products 3(a-j) were obtained simply by filtration from the reaction medium. The compounds were obtained in good yields (95-98%). The reactions were monitored by TLC, and the time required for reaction completion was 20-30 min. The probable reason for good yield and shorter reaction time was that the product could precipitate from water, which would promote the Table 2 Effect of catalyst loading on the yield of 2-phenylphthalazin-1(2H)-one (3a) in water. movement of the chemical equilibrium towards the direction of the products. The physical data of the synthesized compounds are presented in Table 3 .
Mechanism of reaction
We proposed a possible mechanism for the synthesis of substituted phthalazinones from phthalaldehydic acid and phenyl hydrazine using oxalic acid as the catalyst. The target molecules are formed by dehydrative cyclization (Scheme 2). The role of oxalic acid is to provide the proton to generate a positive centre at the carbonyl carbon of phthalaldehydic acid. In the first step, there is attack of H + on the oxygen of the carbonyl group of phthalaldehydic acid. The formed intermediate rearranges to give a carbocation bearing a positive centre at the carbon of the carbonyl group. In the second step, the lone pair of electrons of NH 2 of phenyl hydrazine is transferred to the active carbocation centre, forming a C N bond with the removal of H 2 O. The latter is then cyclized to yield the expected phthalazinones by removal of an additional H 2 O molecule.
Conclusions
We developed a simple, efficient and eco-friendly method for the synthesis of biologically significant 2-(substituted phenyl) phthalazin-1(2H)-one derivatives 3(a-j) from phthalaldehydic acid and phenyl hydrazine using oxalic acid as the catalyst in water. The advantages of this method include simplicity, short reaction time, easy work up, inexpensive catalyst and better yield (95-98%) compared with reported methods. Use of environmentally benign water as a solvent supports the green aspect of the method. Furthermore, the oxalic acid/water system is more effective than the earlier methods. Therefore, this procedure will be of general use and interest to the study of synthetic chemistry.
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